O Ob bj je ec ct ti iv ve e: : In this study, we aimed to investigate the cytoprotective effect of L-carnitine against cisplatin-induced nephrotoxicity and to compare its efficacy with that of amifostin by quantitative renal Tc 99m DMSA uptake. M Ma at te er ri ia al l a an nd d M Me et th ho od ds s: : Male Wistar rats were randomly divided into six groups of six animals each. 1) Control (saline; 5 ml/kg intraperitoneally); 2) L-carnitine (CAR; 300 mg/kg intraperitoneally); 3) Amifostine (AMI; 200 mg /kg intraperitoneally); 4) Cisplatin (CIS;7 mg/kg intraperitoneally); 5) Cisplatin plus L-carnitine (CIS + CAR); 6) Cisplatin plus amifostine (CIS + AMI). L-carnitine and amifostine were injected 30 minutes before cisplatin in Group 5 and 6. Tc 99m DMSA, 7.4 MBq/0.2 ml, was injected through the tail vein 72 hours after the drug administration. Rats were killed and kidneys removed by dissection 2 hours after the injection of the radiopharmaceutical. The percentage of the injected dose per gram of kidney tissue (%ID/g) was calculated. Renal function was monitored by measuring BUN and plasma levels of creatinine. Lipid peroxidation and glutathione content were determined by measuring malondialdehyde (MDA) and reduced glutathione (GSH) in kidney tissue homogenates. R Re es su ul lt ts s: : Tc 99m DMSA uptake per gram tissue of the kidney as %ID/g was 29.54±4.72, 29.86 ± 7.47 and 26.37 ± 4.54 in the control, CAR and AMI groups respectively. %ID/g was the lowest of all the groups, 11.60±3.59 (p<0.01), in the cisplatin group. Carnitine or amifostine administration 30 minutes before cisplatin injection resulted a significant increase in %ID/g, 21.28±7.73 and 18.97±3.24 respectively, compared to those of cisplatin-treated rats (p<0.002). A marked increase in plasma BUN and creatinine indicating nephrotoxicity and acute renal failure was observed in the cisplatin-treated group. MDA and GSH levels were concordant with cisplatin-induced oxidative stress in the kidney tissue. 
I In nt tr ro od du uc ct ti io on n
Cisplatin is an antineoplastic agent in the treatment of many types of human tumors including testicular, head and neck, ovarian, cervical, nonsmall cell lung carcinoma. Its cytotoxic activity is mediated through DNA inter and intrastrand cross linking and adduct formation resulting in defective DNA templates and arrest of DNA synthesis and replication (1) Cisplatin induces significant ototoxicity, neurotoxicity and nephrotoxicity. The side effects of cisplatin, particularly dose-related nephrotoxicity, have been the major factor that restricts its optimal use in cancer therapy. Nephrotoxicity was observed in almost one-third of patients undergoing cisplatin treatment. Although the precise molecular mechanism of cisplatin nephrotoxicity is not known, recent research reveals that it is a complex multifactorial process involving necrosis, apoptosis, inflammation, ischemia and oxidative stress. It is known that renal tubules are the major sites of damage resulting in acute renal failure. Numerous agents have been tested to prevent cisplatin-induced nephrotoxicity (2,3,4) However, effective methods for clinical use has not been established yet.
L-carnitine is a low-molecular-weight, natural compound obtained from the diet and also biosynthesized in vivo from the essential amino acids lysine and methionine. It is a cofactor required for transport of long-chain fatty acids into the mitochondrial matrix for energy production. However, biological functions of L-carnitine go far beyond its role in the transport of fatty acids. Carnitine and its acetylated derivatives facilitate the β-oxidation and improve energy metabolism, minimize the toxic effects of free forms of long-chain fatty acids in and around mitochondria, protect the mitochondrial membranes and prevent permeability transitions, therefore, supresses the release of free electrons that generate free radicals and cytochrome c that activates caspases. L-carnitine protects against oxidative stress and reduces the apoptosis rate (5, 6, 7, 8, 9) .
Amifostine (Ethyol), a pro-drug that forms an activated free thiol through dephosphorylation by membrane-bound alkaline phosphatase in normal cells. AMI selectively protects normal cells from toxic effects of antineoplastic agents by scavenging free radicals, donating hydrogen ions, binding to active metabolites antineoplastic agents. There is a growing amount of evidence of its ability to selectively protect almost all normal tissues except central nervous system, but not neoplastic tissues from the cytotoxic effects of some of chemotherapeutic agents and radiation therapy. Amifostine was recommended in the American Society of Clinical Oncology Clinical Practice Guidelines for the Use of Chemotherapy and Radiotherapy Protectants for the prevention of cisplatin-related toxicity (10-13) Tc 99m DMSA, meso-2,3-dimercaptosuccinic acid, is used for functional imaging of the proximal renal tubular mass. It is accumulated in the cytoplasm of the proximal tubular cells by peritubular uptake which is mediated by the organic anion transport system. Its uptake depends on the renal blood flow and proximal tubular cell membrane transport function (14, 15, 16) . Tc 99m DMSA scintigraphy has been used clinically to diagnose and monitor ifosfamid-induced tubular dysfunction (17) and cisplatin and cisplatin/ifosfamid nephrotoxicity in children (18) Because, oxidative stress has been recognized as a major factor in the mechanism of cisplatin nephrotoxicity, lipid peroxidation and glutathione content were determined by measuring malondialdehyde and reduced glutathione in kidney tissue homogenates.
In this study, we aimed to investigate the role of L-carnitine in the protection of cisplatin-induced nephrotoxicity and to compare its efficacy with that of cytoprotective agent amifostin by using quantitative Tc 99m DMSA uptake measurements and biochemical parameters. Rats were randomly divided into six groups. Each group consisted of six rats. 1) Control (saline; 5 ml/kg intraperitoneally); 2) L-carnitine (CAR; 300 mg/kg intraperitoneally); 3) Amifostine (AMI; 200 mg /kg intraperitoneally); 4) Cisplatin (CIS; 7 mg/kg intraperitoneally); 5) Cisplatin plus L-carnitine (CIS + CAR); 6) Cisplatin plus amifostine (CIS + AMI). (Table  1 ). Amifostine and L-carnitine were injected 30 minutes before cisplatin in Group 5 and 6. Cisplatin dose is determined according to the cisplatin model of acute renal failure in rats described previously (19, 20) . Rats were killed by heart puncture under intense ether atmosphere 72 hours after the injections.
Cisplatin (DBL, 10 mg/10ml vial, FH Faulding & Co Limited Australia), amifostine (Ethyol, 500 mg, TR Erkim Ltd Sti) and l-carnitine (Carnitene, 1 g, Sigma Tau, Italy) were purchased commercially. Amifostine was dissolved in 9.7 ml of double distilled water.
Tc 99m, as sodium pertechnetate, was eluted from a 99Mo/Tc 99m generator (Monrol A.fi. Istanbul, Turkey) just before the radiolabelling procedure. DMSA (TechneScan, Mallinckrodt Medical B.V Holland) was purchased as a freeze-dried commercial kit containing 1.2 mg dimercaptosuccinic acid, 0.3 mg stannous chloride dehydrate and 30 mg inositol. Tc 99m DMSA was prepared by adding 740 MBq of Tc 99m pertechnetate to 3 ml of saline to the kit. Quality control procedures were performed according to the manufacturer's instructions after 15 minutes' incubation at room temperature. Labeling efficiency was greater than 95%.
Q Qu ua an nt ti it ta at ti iv ve e T Tc c 9 99 9m m D DM MS SA A U Up pt ta ak ke e Tc 99m DMSA, 7.4 MBq/0.2 ml, was administered through the tail vein. Rats were killed and the kidneys were removed by dissection 2 hours after the radiopharmaceutical injection. Samples of kidneys were weighed in pre-weighed containers. Radioactivity in each organ sample was counted using a Cd (Te) detector equipped with a RAD 501 single-channel analyzer. The activity was expressed as a percentage of the injected dose per gram of tissue (%ID/g). The %ID/g activity was calculated by dividing the activity in each kidney by total activity injected and the mass of the organ.
B Bi io oc ch he em mi ic ca al l A As ss sa ay ys s
The blood samples from the treatment groups were collected in heparinized vials and centrifuged at 3500 rpm for 15 min to isolate serum. BUN and creatinine levels in serum were measured with an autoanalyser using commercial diagnostic kits (Sigma-Aldrich Chemie, Germany). One of the kidneys of each animal was washed with cold saline and kept in deep freezer (-80 ºC) until homogenization. The homogenates were centrifuged at 3500 rpm and supernatants were collected and used for the determination of malondialdehyde (MDA) and reduced glutathione (GSH). MDA level was determined by a method based on the reaction with thiobarbituric acid (TBA) at 90-100 °C (21) . GSH content in tissue supernatants was measured according to the method of Beutler et al (22) .
S St ta at ti is st ti ic ca al l A An na al ly ys si is s
Data are expressed as the mean±SD. The nonparametric Kruskal-Wallis test was performed on the data of radiopharmaceutical uptake and biochemical variables to examine the differences among groups. Mann-Whitney U test was used to compare two in dependent samples. Statistical differences were considered significant when P value was smaller than 0.05 with two sided probability.
3 Table 1 
R Re es su ul lt ts s
Intraperitoneal injection of cisplatin at a single dose of 7 mg/kg body weight resulted in acute renal failure as indicated by significant increase in plasma BUN and creatinine levels compared with controls (p<0.001). L-carnitine and amifostine administered 30 minutes before cisplatin prevented the cisplatin-induced elevations in BUN and creatinine. Cisplatin induced a significant increase in the MDA content of the kidneys and caused depletion of GSH as compared to the control group (p< 0.01). No significant changes were observed in MDA and GSH when carnitine or amifostin was administered prior to cisplatin ( Table 2) .
The percentage of the injected dose per gram of kidney tissue in Control, CIS, CAR, AMI, CAR+CIS and AMI+CIS groups are shown in Fig 1. Tc 99m DMSA uptake per gram tissue of the kidney as %ID/g was 29.54±4.72, 29.86±7.47 and 26.37±4.54 in the control, CAR and AMI groups respectively (p>0.05). Cisplatin led to a significant decrease in tubular uptake of Tc 99m DMSA. %ID/g was the lowest of all the groups, 11.60±3.59 (p<0.01), in the cisplatin group. Carnitine or amifostine administration 30 minutes before cisplatin injection resulted a significant increase in the uptake of DMSA as %ID/g (21.28 ± 7.73 and 18.97±3.24 respectively) compared to those of cisplatin-treated rats (p<0.002). There was no statistically significant difference between the CAR only and AMI only groups (Figure 1 ). D Di is sc cu us ss si io on n Nephrotoxicity prevents the application of appropriate therapeutic schedules with higher doses of cisplatin and limits its treatment success significantly. Renoprotective agents have been studied extensively because they are important in terms of preventing cisplatin-induced nephrotoxicity and improving its therapeutic potential. Numerous agents have been tested for renoprotection against cisplatin toxicity (3).
L-carnitine is a natural compound whose biological functions go far beyond its role in the transport of fatty acids. Carnitine inhibits oxidative stress, apoptosis and inflammation (5). There are many experimental studies reporting the protective effect of carnitine against the toxicity of irradiation and antineoplastic agents including doxorubicin and cisplatin (23, 24, 25, 26, 27, 28, 29, 30, 31, 32) . In the studies investigating the potential renoprotective effect of carnitine against cisplatin-induced nephrotoxicity, it has been demonstrated that carnitine successfully prevented renal dysfunction and injury (23, 24, 25) But, a recent study concludes that neither carnitine nor amifostin has protective effect against cisplatin induced nephrotoxicity (33). Carnitine doses of 100-500 mg/kg were used in various types of experimental studies (23) . We used an average dose within this range.
In the present study, intraperitoneal administration of a single dose of 7 mg/kg cisplatin resulted in acute renal failure as indicated by the increased BUN and serum creatinine measured at 72 hour. Oxidative stress and lipid peroxidation is strongly related to cisplatin-induced nephrotoxicity (34, 35) Malondialdehyde is an indicator of lipid peroxidation and oxidative stress. Glutathione is a marker of antioxidant status. Cisplatin induced significant elevation in the renal tissue MDA and decreased the GH content of the rat kidneys compared to the controls. Both L-carnitine and amifostine significantly inhibited MDA elevation and GH depletion induced by cisplatin (p<0.05).
Cisplatin induced a significant decrease in the uptake of Tc 99m DMSA in the rats' kidneys compared to the control group (p<0.001) consistent with tubular injury and nephrotoxicity. Renal function was monitored by measuring BUN and plasma levels of creatinine. In the groups which rats were pretreated with 300 mg/kg L-carnitine or 200 mg/kg amifostine before cisplatin injection, no significant decrease in the uptake of Tc 99m DMSA was observed, which is concordant with the protective effect of both L-carnitine and amifostine. Although there is no significant difference between the renal DMSA %ID/g of CIS+CAR and CIS+AMI groups, L-carnitine seems to have higher protective effect than amifostine. Our results confirmed the previous experimental studies indicating the protective effect of L-carnitine against cisplatin-induced toxicity. Because, scintigraphic imaging with measurement of renal activity as counts per pixel is nearly equevalent of this quantitative technique, it is possible to determine the grade of renal toxicity and the potential protective effect of the agents tested, to compare different agents and combinations simply and accurately without sacrificing animals.
The methods for the evaluation of cisplatin-induced nephrotoxicity in experimental studies are based on the measurements of biochemical markers of renal function and indicators of oxidative stress and histopathological findings of renal injury. In this study, we demostrated the cisplatin nephrotoxicity and the protective effect of L-carnitine by using quantitative renal Tc 99m DMSA uptake. R Re ef fe er re en nc ce es s
